The well known practice for orienting fixed solar devices is to face southwards for places in the northern hemisphere and northwards for the southern hemisphere. However a frequently repeated daily weather pattern will have a significant effect on terrestrial solar radiation and consequently on the optimum azimuth direction of fixed solar devices especially for regions close to the equator. This paper proposes a method to analyze solar radiation data to distinguish any effect of local weather occurrences on the optimum azimuth orientation of fixed solar panels. An example analysis of this method on solar radiation measurements taken at TNB Solar Research Centre in Peninsular Malaysia shows that a near regular weather pattern had occurred often enough to recommend an optimal azimuth direction of installing stationary thermal flat-plate solar collectors for a proposed solar cooling system tilted facing towards east.
Introduction
For places above or below the Earth's tropics, the sun at solar noon is always to the south of zenith in the northern hemisphere and always to the north of zenith in the southern hemisphere. Hence it is obvious that the optimum direction to install any stationary solar devices at these places is to face south in the northern hemisphere and northwards for the southern hemisphere. However there is no firmly established principal that solar panels should be installed exactly north or south because there could be variations on the optimum panel orientation according to the diurnal or seasonal load demand pattern of the solar application. This paper introduces a general method to analyze solar radiation data to distinguish any significant effect of local daily weather pattern on the global solar irradiation and consequently any general deviation from the usual north-south optimal azimuth direction towards either west or east.
Method
The solar radiation that is incident on stationary solar panels mainly consists of both direct and diffuse solar irradiance and the sum of both components is called the global solar irradiance. The solar radiation that falls on a horizontal ground surface is called global horizontal irradiance (GHI). The GHI consisting of its componentsthe direct and diffuse irradiance [1] -are the major solar radiation measurements used in the proposed analysis outlined below.
Instrumentation
Some key instruments that can be used for these solar measurements are the pyranometer which measures the GHI and the pyrheliometer which measures the direct normal irradiance (DNI). Since the pyrheliometer must always point towards the sun, it needs to be mounted on an expensive dual-axis sun-tracker that has to be carefully maintained (refer to Figure 1) . Instead of using a pyrheliometer, the direct irradiance can be indirectly measured by using a shaded pyranometer to get the diffuse horizontal irradiance (DHI). This pyranometer must be shaded from direct sunlight at all time, for example, by using a shading ball that is attached to the sun-tracker. Next, the DNI is calculated by substracting the measured value of the DHI from the GHI and the difference is corrected for the angle of incidence of the sunlight.
Effect of Clouds on Irradiation
The diffuse component of the solar radiation is caused by the scattering of sunlight by atmospheric dusts, aerosols and clouds. This is a significant part of terrestrial solar radiation especially on bright but cloudy days where at certain locations a significantly high diffuse irradiance due to reflections off white clouds combined with the direct irradiance may be higher than the total irradiance measured above the atmosphere. Since the percentage of cloud cover is not easy to be quantified, taking the ratio of 
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DNI to the GHI is quite a good indicator for an estimation of cloud cover. As a result, a high DNI to GHI ratio indicates little or no cloud because there is less diffuse component of the solar radiation. Figure 1 . Solar monitoring Instruments -A pyrheliometer and three pyranometers mounted on a sun-tracker with a single shading ball.
Solar Irradiation Symmetry
If the sky is perfectly clear all day long, the amount of daily global horizontal irradiation should be symmetrical about the solar noon. That is, the solar energy irradiating on the earth's surface from sunrise to solar noon should be equal to the amount of solar energy from solar noon to sunset (see Figure 2) , because both the transit time taken and angular motion of the sun is almost the same. Knowing this, we can compare the combined effect of local weather and cloud cover on the diurnal pattern of the solar radiation. This is achieved by measuring the actual accumulative global horizontal irradiation from sunrise to solar noon (morning GHI) and the actual global horizontal solar irradiation from solar noon to sunset (afternoon GHI). Therefore, any difference between these two measured amounts of accumulative solar energy (i.e morning GHI and afternoon GHI) will be mainly due to the mixed effect of the atmospheric condition and weather on the solar radiation. If the mean morning GHI is more than the afternoon GHI, the optimal azimuth direction should be more towards the east. Otherwise -when afternoon GHI is more than morning GHI -the optimal direction is more to the west.
Applied Example
This example application of the proposed analysis was done as part of a seeding fund project at TNB Solar Research Centre whose main objective was to design a solar absorption cooling system for the solar house [2] . The instruments used for measurements of global horizontal and diffuse irradiance are two Kipp & Zonen pyranometers model CMP 11. The two pyranometers were mounted and levelled on a Kipp & Zonen Solys 2 sun-tracker with a single shading ball (see Figure 1) . Mounted on one of the two arms of the sun-tracker is a Kipp & Zonen pyrheliometer model CHP 1 to measure direct normal solar irradiance. These solar radiometers were connected to the Kipp & Zonen LogBox SD for datalogging and another pyranometer is connected to Datataker DT80 datalogger for more rapid data acquisition at an elevated solar monitoring platform. The sampling rate of the Kipp & Zonen LogBox SD was set to record data every one minute [3] , while the Datataker DT80 datalogger takes one set of reading every five seconds.
Results
Pyranometer readings that measured the solar GHI were compiled from June 2011 to May 2012 and analyzed. First, the one minute interval GHI data were summed up for each daylight hour in the day. Then each hourly GHI of the day was averaged for the whole month. The daily GHI measurements were then integrated from sunrise to solar noon (morning GHI) and from solar noon to sunset (afternoon GHI) for each day and the monthly average is tabulated in Table 1 . Figure 2 . The time of solar noon is about 1:00 pm that is when solar radiation peaks (see Figure 2) . The dark blue curve is a mirror reflection of the morning solar irradiance and is higher than the actual afternoon solar irradiance. The graph of DNI to GHI ratio for the year is illustrated in Figure 3. 
Discussion
The two amounts of solar energy (morning GHI and afternoon GHI) are obviously not the same. This can be easily seen in Table 1 where the mean monthly morning GHI is clearly higher than in the afternoon for all the months during the measurement period. The main reason for this difference is evident in Figure 3 where the DNI-GHI ratio is high in the morning indicating clearer skies and progressively lower in the afternoon when there are more clouds [3] . The mean daily difference for the year is 566.86 Wh/m 2 .day that is 13.16% more solar radiation falls in the morning half of the day. This adds up to a significant amount of 206,903.9 Wh/m 2 total for the annual period.
The latitude of TNB Solar Research Centre in peninsular Malaysia is just slightly less than 3° north of the equator. For such regions close to the equator, the position of sun at solar noon is always near zenith both to the north and south depending on location and month of year. This will cause the performance of stationary solar panels installed in these regions to be less sensitive to a north or southern oriented azimuth direction, especially if the place is exactly on the equator where the apparent seasonal movement of the sun is perfectly symmetricalboth to the north and south. Therefore for places such as in Bangi, Malaysia the effect of regular daily weather patterns which are normally characteristic in equatorial climates becomes more significant in determining the optimal solar panel orientation that will receive the largest amount of incident solar radiation [4] . 
Conclusion
This paper introduces a method to analyse global horizontal solar irradiance to distinguish any effect of the local daily weather pattern on the optimal solar panel azimuth direction that will receive the largest amount of incident solar radiation. The example analysis on the solar measurements taken at TNB Solar Research Centre in Bangi, Malaysia show that a near regular solar irradiation pattern had occurred often enough to recommend an optimum azimuth orientation of installing the fixed solar panels tilted facing towards east. For locations near the equator with similar weather pattern, the recommended azimuth direction of installing fixed solar panels and collectors tilted eastward will also be generally valid.
